Turkish Journal of Botany
Volume 43

Number 4

Article 9

1-1-2019

A multiple epidermis or a periderm in Parkinsonia praecox
(Fabaceae)
SILVIA AGUILAR-RODRIGUEZ
TERESA TERRAZAS
XICOTENCATL CAMACHO-CORONEL

Follow this and additional works at: https://journals.tubitak.gov.tr/botany
Part of the Botany Commons

Recommended Citation
AGUILAR-RODRIGUEZ, SILVIA; TERRAZAS, TERESA; and CAMACHO-CORONEL, XICOTENCATL (2019) "A
multiple epidermis or a periderm in Parkinsonia praecox (Fabaceae)," Turkish Journal of Botany: Vol. 43:
No. 4, Article 9. https://doi.org/10.3906/bot-1810-45
Available at: https://journals.tubitak.gov.tr/botany/vol43/iss4/9

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Botany by an authorized editor of TÜBİTAK Academic Journals. For more
information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Botany

Turk J Bot
(2019) 43: 529-537
© TÜBİTAK
doi:10.3906/bot-1810-45

http://journals.tubitak.gov.tr/botany/

Research Article

A multiple epidermis or a periderm in Parkinsonia praecox (Fabaceae)
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Abstract: A multiple epidermis in the green stems of Parkinsonia species has been described; however, there are disagreements among
authors with regard to origin and tissues involved. The aims of this study were to identify the origin and development of the epidermis
and cortex of P. praecox and relate these to possible adaptations to arid environments. Samples from new branches, to the stem, were
removed and prepared using two embedding techniques. Our results show that the epidermis is simple, but periclinal divisions start far
from the apical meristem. The inner derivatives maintained periclinal and anticlinal divisions, which are interpreted as meristematic,
promoting continuous cell renewal. Wax and cutin deposits suggest that a special epidermis is present; however, it does not correspond
to a multiple one. The cortex has four distinct regions. As the branch circumference increases, modifications occur in the first, second,
and fourth regions, and sclerenchyma with abundant prismatic crystals develops. The third region maintains its identity with abundant
chloroplasts. The occurrence of crystals and chlorenchyma improves structural stiffness, increases the reflectivity of plant surfaces, and
facilitates the recycling of respiratory CO2. Abundant waxes, chlorenchyma, sclerenchyma, and crystals in the stems may be adaptations
of P. praecox to xeric environments.
Key words: Abundant waxes, chlorenchyma, Fabaceae, ontogeny, prismatic crystals, periclinal divisions

1. Introduction
Green stems are a convergence present in different families
that grow in open dry forest (Gibson, 1983). In numerous
species from desert communities, photosynthetic stems
contribute to carbon assimilation and maintenance of
metabolic activities (Nilsen, 1995; Ávila et al., 2014; ÁvilaLovera and Tezara, 2018). These green stems may be
covered by well-developed cuticles or a delayed formation
of the periderm. Gibson (1983) described four basic
designs of 30 nonsucculent xeromorphic perennial native
species from desert communities in North America. In
the family Fabaceae there are approximately 10 American
species of Parkinsonia (syn. = Cercidium; Tropicos, 20181),
which are named palo verdes (Schuch and Kelly, 2008),
and are characterized by their photosynthetic barks with
multiple epidermises. The multiple epidermis feature is
also preserved in woody species of different families such
as Acanthaceae, Burseraceae, Cucurbitaceae, Malvaceae,
and Rhamnaceae (Gibson, 1983; Kartusch and Kartusch,
2008). The epidermis is a layer of cells that covers a plant’s
primary body and is commonly replaced by a periderm in
the first or second year of stem development (Angyalossy
1

et al., 2016). However, in species with green stems the
epidermis is preserved even after the secondary growth
takes place, as in Parkinsonia species (Gibson, 1983; Roth,
1963, 1981; Roth and Delgado, 1968a; Armitage and
Howe, 2018). Anatomical studies have described different
structural characteristics for the green-bark superficial
cells of Parkinsonia praecox. For example, Paredes et
al. (2001) described a periderm with an internal layer
of suberized cells and an external layer of cells similar
to collenchyma in P. praecox, whereas Páez-Gerardo
et al. (2005) described a multiple epidermis, and Ávila
et al. (2014) recognized an epidermis and hypodermis.
Moreover, a multiple epidermis was also described in P.
aculeata (Roth and Delgado, 1968a) and P. torreyana [=C.
torreyanum] (Roth, 1963).
More recently, Armitage and Howe (2018) mentioned
that P. florida (Benth. ex A. Grag) S. Watson has a heavily
cutinized epidermis with stochastically arranged sunken
stomata and abundant crystals under the epidermis. This
study aims to clarify the origin and development of what is
currently recognized as a multiple epidermis in P. praecox.
This ontogenetic study of dermal and ground tissue will

Tropicos (2018). Missouri Botanical Garden [online]. Website http://www.tropicos.org [accessed 14th May 2018].
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allow us to discern whether this species preserves a multiple
epidermis or forms a periderm after the establishment and
accumulation of secondary tissues in its stems. In addition,
we correlate anatomical characteristics of the bark of this
species with possible adaptations to xeric environments.
2. Materials and methods
The P. praecox samples were collected in El Valle de
Zapotitlan Salinas (97°24ʹ50ʺN, 18°27ʹ30ʺ W) at an
elevation of 1678 m in the state of Puebla, Mexico. This
site has a xeric scrubland vegetation type, dry semiarid
climate, mean annual temperature of 21 °C, and annual
precipitation between 400 and 500 mm (Dávila et al.,
1993).
We selected branches from 8 mature and healthy
individuals, taking from the apex, up to 50 mm in diameter.
Segments 3–5 cm in length were cut with scissors or a
saw. Branches with diameters greater than 50 mm were
obtained basipetally up to the main trunk. Samples of
2–3 cm2 were taken from thicker branches and the main
trunk and included some wood. All of the samples were
fixed in 10 mL of formalin, 5 mL of glacial acetic acid,
35 mL of distilled water, and 50 mL of 96% alcohol. The
branches with smaller diameters (1–2 mm) were treated
with conventional paraffin microtechniques (Ruzin, 1999).
Transverse and longitudinal (radial and serial tangential)
sections with thicknesses of 15 µm were cut with a rotary
microtome. The tissues were stained with saturated
aqueous safranin (120 min) and fast green and mounted
onto slides. Samples with diameters ≥3 mm were softened
in a glycerin–water–ethanol solution (1:1:1) for 30 days,
and the sections (transverse, radial, and serial tangential)
were cut with a sliding microtome. The sections were also
stained with safranin fast green and mounted in synthetic
resin. Selected samples of branches <3 mm and stems >20
cm were included in glycol methacrylate, according to
Ruzin (1999). A histochemical test was applied for lipid
compounds (Sudan III) to detect cutin. Results from
the development of superficial cells and the cortex are
organized based on branch diameter.
3. Results
3.1. Branches 1 mm in diameter
In the transverse section, the branch has a circular
shape with an uneven outline and a smooth texture and
a simple epidermis with uni-bicellular trichomes and
stomata at the level of the other epidermal cells. The
epidermal cells are square shaped and have a distinctive
cuticle. Most epidermal cells are radially elongated and
thin-walled with abundant protoplasmic content and
anticlinal divisions (Figures 1a–1c). The cortex has four
distinguishable regions (Figure 1c). The first (1st) region
underneath the epidermis is composed of a discontinuous
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layer of radially compressed parenchyma cells. The second
(2nd) region is also a discontinuous layer (1–2 strata) of
large isodiametric parenchyma cells with sparse contents.
The third (3rd) region is composed of 3–8 layers of
smaller isodiametric parenchyma cells with chloroplasts
(chlorenchyma) occupying 19% of the total diameter, and
the fourth (4th) region is a single layer of parenchyma
cells in which a prismatic crystal begins to differentiate.
Collateral vascular bundles define the primary growth
with developing pericyclic fibers (Figure 1c). At this
diameter the establishment of secondary growth begins.
3.2. Branches 1.5 mm in diameter
The superficial cells begin periclinal divisions, producing
rows with 2–3 cells, few with oblique divisions (Figure
2a). The outer cell of each row starts to develop the lipid
layer (epicuticular wax). Stomata appear sunken, because
the other epidermal cells are beginning to divide. In the
cortex, the 1st region contains some prismatic crystals, in
the 2nd its larger cells are discontinuous but dividing, the
3rd region has 3–8 layers of chlorenchyma, and the 4th
shows more prismatic crystals (arrows; Figure 2a), whereas
the pericyclic fibers have thicker cell walls (Figure 2a).
3.3. Branches 2 mm in diameter
These branches have a more developed epicuticular wax
layer than the branches with a smaller diameter (Figure
2b). The radial rows of superficial cells increase in number
(2–4 cells) and continue their division; the outer ones
have a convex periclinal outer wall or appear pyramidal,
while the inner cells are squarish (Figure 2c). The stomata
appear more sunken. In the cortex, the 1st layer retains the
same characteristics in its prismatic crystals. In the 2nd,
the larger parenchyma cells are in 1 layer. The 3rd and 4th
show no change; however, crystals are more evident in the
4th. The vascular cylinder is now forming a continuum,
and the pericyclic fibers complete their maturation (Figure
2b).
3.4. Branches 5 mm in diameter
These branches have a thick waxy, scaly layer (16 µm) and
a well-developed lipid layer (12 µm). The outer cells are
organized into more than 4 rows with divisions in different
planes. These divisions contribute to the modification of
cell shape. In certain areas, the outer cells are separated by
waxes deposited between the anticlinal walls (arrow; Figure
2d) and are attached only to the lower adjoining cells. In the
cortex, the 1st region continues in the same manner, while
in the 2nd some of the larger cells lose their arrangement
because the abundant sclereids are differentiated. The 3rd
region is made of 4–8 chlorenchyma layers with abundant
lipid deposits. The 4th region continues to be distinctive;
here, each cell contains a prismatic crystal.
3.5. Branches 10 mm in diameter
These branches have greater wax accumulation (37 µm),
and the outermost cells have look-alike papillae. The
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Figure 1. Branches 1 mm in diameter. a) Epidermis with uniseriate trichome in tangential view. b) Detail of epidermis with anticlinal
divisions in cross section (CS). c) General view, uni-biseriate epidermis, and cortex with 4 distinguishable regions, CS. e = epidermis; 1st
= first layer of cortical cells; 2nd = second region, with large isodiametric cells; 3rd = third region, with smaller isodiametric parenchyma
cells; arrows = 4th region, a single layer of parenchyma cells. Scale bar: 10 µm (a and b) and 50 µm (c).

innermost cells continue dividing in different planes, as
in branches with smaller diameters. In the cortex there
is greater lignification in all regions except in the 3rd
region, which has 6–10 layers and maintains its distinctive
chloroplasts. The cells of the 4th region are recognizable
due to the large prismatic crystals occluding their lumen.
3.6. Branches ≥11 mm in diameter
These branches have a wax layer reaching 110 µm in
thickness and are highly sclerified (Figures 3a and 3b). The
outermost cells in the rows are, distinctively, separated
by the wax deposited in their anticlinal walls. Sudan III
results were positive, indicating that these outermost cells
have cutin. Notably, the inner cells of this superficial layer
continue to be meristematic, as periclinal and oblique
divisions are seen (Figure 3c). Below these rows, there are
several layers of sclerenchyma with abundant prismatic
crystals. The 3rd region of the cortex is the only one that
retains its position and cell type. Now, the chlorenchyma

has more than 10 strata, and in some areas periclinal
divisions occur (Figure 3d). Interior to the chlorenchyma,
the sclerenchyma (fibers and sclereids with crystals) is
intermixed with the nonconductive secondary phloem
(Figures 3a and 3b). The outermost cells often break off
(Figure 3e). In addition, in older stems where scarring or
damage occurs, a typical periderm develops with abundant
phellem cells; however, chlorenchyma is maintained with
some sclereids (Figure 3f).
4. Discussion
There were evident changes in the epidermis and cortex of
P. praecox branches from the apex (1 mm in diameter) up
to >10 mm in branch diameter (Figures 4a–4c). The outer
cells continue to have distinctive differences as branch
and stem girth increase. The inner cells of the multilayer
derived from the epidermis are meristematic. On the
other hand, basipetally, the cortex and the nonconductive
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Figure 2. Branches 1.5–5 mm in diameter, cross sections (CSs). a) Branch 1.5 mm in diameter, outer cells in division with 1–3 rows and
the fourth regions of the cortex. b) Branch 2 mm in diameter, detail of thick-walled pericyclic fibers. c) Branch 2 mm in diameter, detail
of outer cells. d) Branch 5 mm in diameter, detail of 2–4 rows of outer cells dividing in different planes and space between anticlinal walls
due to wax deposition (arrow). f = pericyclic fibers; w = wax; 1st = first layer of cortical cells; 2nd = second region with large isodiametric
cells; 3rd = third region with smaller isodiametric parenchyma cells, chlorenchyma; arrows near pericyclic fibers = 4th region, a layer of
parenchyma cells with crystals. Scale bar: 20 µm.

phloem have a greater proportion of sclerenchyma, and
only the chlorenchyma (3rd region) is maintained.
4.1. Outer multilayer development
A multiple epidermis consists of various strata of cells that
are related ontogenetically and arise from a certain finite
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number of divisions (Evert, 2006). In branches of P. praecox
<2 mm in diameter, we observed the development of more
than one strata of peripheral (outer) cells, which initiated
in the epidermal cells, as described by Roth and Delgado
(1968a) and Roth (1981). As branch girth increases, the
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Figure 3. Branches and stem of mature stems, CSs. a) Branch ≥11 mm in diameter, general view, without embedding. b) Branch ≥11
mm in diameter, general view, embedded in glycol methacrylate. c) Branches ≥11 mm in diameter, detail of outer cells with periclinal
and oblique divisions, without wax, showing thick walls and reddish-staining contents and prismatic crystal (arrow). d) Branch 50 mm
in diameter, 3rd layer showing the chlorenchyma with more than 10 strata. e) Branch 170 mm in diameter, detail of scale of the outer
cells. f) Base of stem, a typical periderm. oc = outer cells, pe = periderm, ph = phloem, w = wax. Scale bar: 300 µm (a and b), 10 µm (c),
50 µm (d), 25 µm (e), and 100 µm (f).

outer multilayer is composed of 3 or more strata, with new
divisions mostly occurring in the innermost cells of this
multistrata layer, which promotes continuous cell renewal.
Based on our observations, this region of finite divisions

(anticlinal–periclinal) is likely a meristematic zone of
epidermal origin and may be called a special epidermis.
We propose to name this a special epidermis instead of
multiple epidermis, because when divisions begin, the

533

AGUILAR-RODRÍGUEZ et al. / Turk J Bot

Figure 4. Schematic modifications during the ontogeny of the special epidermis and cortex.
a) Branch 2 mm in diameter, mostly parenchyma cells in four regions of the cortex. b)
Branch 5 mm in diameter, sclerification starts and abundance of crystals increases. c)
Branch >11 mm in diameter, only the 3rd region is distinctive, others are sclerified with
abundant crystals. e = epidermis; w = wax; A = 1st region; B = 2nd region; C = 3rd region,
the chlorenchyma; D = 4th region; f = pericyclic fibers; ph = phloem; r = phloem rays; x =
xylem; gray squares = prismatic crystals.

cuticle has already been developed and divisions are far
from the protoderm. According to Evert (2006) “…some
protodermal cells and their derivatives divide periclinally
forming the typical multiple or multiseriate epidermis...”
Since our observations clearly show that divisions of the
epidermal cells occur far from the protoderm, we do not
recognize a multiple epidermis in P. praecox. In P. praecox
all new cells have a radial alignment with homogeneous
shapes and sizes and a wide lipid layer that is associated
with outer cell strata. We are unable to name this
multistrata layer a periderm, because no phellem cells
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with suberin are recognized. These outer (oldest) cells are
embedded in wax and are separated from the underlying
cells, suggesting that the outermost cells, along with a
certain amount of wax, are continually eliminated (Figure
3e). Both the cutin and wax composition of P. praecox
should be studied to understand their function as related
to water permeability and the self-cleaning of the surface
to increase light dispersion, as is suggested for leaves (Yeats
and Rose, 2013). Armitage and Howe (2018) mentioned
that in P. florida a heavily cutinized epidermis, among other
traits, helps this species, unique among Parkinsonia, thrive
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in arid, desert biomes; this may also be an explanation for
P. praecox.
As branch circumference increases, new divisions are
maintained in the outer rows of cells. As the cells become
displaced towards the periphery, they accumulate waxes
in the outer walls (Figures 2c, 3a, and 3b) and prismatic
crystals in the lumina. This special epidermis in P. praecox
has a heterogeneous wavy surface (bullate surface) as a
result of the varying numbers of cells that make up each
group (Gibson, 1983). This wavy appearance agrees with
the description of P. praecox in Páez-Gerardo et al. (2005)
who describe epidermal cells arranged into 4–5 strata and
a thick waxy layer. The epidermal wax aids in regulating
the amount of light that reaches the surface, preventing the
internal tissues from overheating, as in leaves and other
organs (Gibson, 1983; Lindorf et al., 1991; Araque et al.,
2009; Yeats and Rose, 2013), and helps to control water flux
and restrict pathogen infection. Outermost cells covered
by abundant wax, as described here, corresponds to what
Paredes et al. (2001) defined as periderm in P. praecox and
Roth (1963) described as thick-cellulose epidermal walls
in P. torreyana. However, Paredes et al. (2001) mentioned
that the outer superficial cells correspond to an external
layer of collenchyma-like cells, while the inner ones were
more similar to phellem cells (Paredes et al., 2001, Figure
3D). Collenchymatous cells were not detected in any of the
developmental stages in P. praecox, and its epidermal cells
do not correspond to what Haberlandt (1914) and Leroux
(2012) have described as a collenchymatous epidermis.
The Sudan III reaction clearly shows that these outermost
cells contain cutin (Figure 3c), as observed in P. praecox
and P. florida (Ávila et al., 2014; Armitage and Howe,
2018). Notably, Armitage and Howe (2018) recognize this
wavy layer as slabs of cutin. It is important to mention that
typical phellem cells were produced in association with
the lenticels and leaf scars (Figure 3f). These observations
agree with Roth (1963) and Roth and Delgado’s (1968b)
interpretation of typical phellem cells in old or injured
stems. When this typical periderm is developed, phellogen
starts in the inner cortical cells before the chlorenchyma,
which is the cortical region that can be recognized and
maintained.
4.2. Cortex
Our observations do not indicate the presence of a
hypodermis or collenchyma in the axes, as described in
other Parkinsonia species (Scott, 1935; Roth, 1963; Roth
and Delgado, 1968a; Gibson, 1983; Paredes et al., 2001;
Ávila et al., 2014). In P. praecox, the cells of the 1st region
quickly differentiated into various strata of sclerenchyma
and had prismatic crystals immediately below the
epidermis. Armitage and Howe (2018) mentioned druse
calcium oxalate crystals immediately below the outer
cortex in P. florida. This variation in crystal morphology

may be species-specific, as suggested for other taxa
(Franceschi and Nakata, 2005; Bárcenas-Argüello et
al., 2015). According to Gibson (1983), crystals outside
the chlorenchyma may provide greater resistance to
external damage and may allow for deeper location of the
chlorenchyma along the axis because they are translucent.
It is also possible that these crystals contribute to the
reflection of high irradiance, as reported by Kuo-Huang et
al. (2007). These authors describe how Peperomia glabella
druses in palisade cells change position, depending on
the light conditions that the plant is subjected to during
its development. This may explain the optic function
crystals perform in the cortex and over the chlorenchyma
layer in P. praecox. The development of these crystals
plays an important role in calcium regulation (Franceschi
and Nakata, 2005; Prychid et al., 2008). Additional
prismatic crystals are found in the inner cortical layers
near nonconductive secondary phloem. They appear to
be a common feature in legumes (Gibson, 1983) and are
associated with the development of a tough bark, which
increases mechanical support (Schneider, 1901; Roth,
1981; Coté, 2009). Nevertheless the chlorenchyma cells
maintain dividing (Figure 4) so this region continues to
maintain photosynthetic activity in the periphery of the
stem. With regard to the chlorenchyma in the cortex, Roth
(1963) and Gibson (1983) mentioned that P. torreyana
has a chlorenchyma that looks like palisade tissue, but
as the branch circumference increases it increases in
surface area and becomes isodiametric. In contrast, in
P. praecox we observed isodiametric-shaped cells in the
chlorenchyma, as well as increases in layer numbers in the
periclinal and anticlinal divisions as branch size increased.
This chlorenchyma represents ˂1% of the total width in
branches >1.5 cm, maintaining its proportion to favor
photosynthate movement.
The photosynthetic activity of the stem in P. praecox
has been questioned, as it has been in many species with
green stems (Ávila-Lovera and Tezara, 2018). Adams et al.
(1967) recorded photosynthetic activity in P. torreyana,
and Roth (1963) proposed that the stem photosynthesizes
in the defoliation stage, allowing the plant to grow in arid
zones without excessive water loss. Gibson (1983) also
comments that the chlorenchyma in the stem is a relatively
inefficient structure in comparison to the mesophyll in
plants. The chlorenchyma lacks tissue organization and
has large intercellular spaces and an elevated contact
surface, which results in a lower CO2 assimilation. Another
possible explanation is that the chlorenchyma may recycle
CO2 from respiration in green-periderm species, allowing
the plants to survive unfavorable seasons (Gibson, 1983,
1996; Comstock and Ehleringer, 1988; Nilsen, 1995; Ávila
et al., 2014; Ávila-Lovera et al., 2017). This hypothesis
would explain the lipid reserve in the chlorenchyma and
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the large quantities of starch observed in the secondary
xylem of P. praecox, which can be continually metabolized.
Ávila-Lovera and Tezara (2018) demonstrate that the
photosynthetic stem contribution to the carbon balance
in P. praecox is positive, and water-use efficiency has
important implications for water balance; when leaf loss
is complete during the dry season, the stem contribution
would increase up to 100%.
4.3. Trichomes, wax accumulation, and the cuticle
We found simple uni-biseriate trichomes in the epidermis
near the apex, and these were also observed in P. florida,
P. microphyllum, and P. praecox (Gibson, 1983; Ávila et al.,
2014; Armitage and Howe, 2018). These trichomes may
function as a primary protection mechanism before the
incipient development of the cuticle. In 5 mm branches
these epidermal appendages are absent, due to the thicker
cuticle and wax deposition; notably, the latter was not
observed by Roth and Delgado (1968a). The deposition of
both cuticle and wax becomes evident in branches 2 mm in
diameter, with wax 5 times thicker than the cuticle. The wax
layer helps to isolate and protect the stem, as do the cuticle
and trichomes in the early stages of development. The role
of trichomes and wax in protecting plant tissues from light
in dry climates is well known (Riederer and Müller, 2006).
In these environments the wax also helps ensure greater
water-use efficiency and affects the reflectivity of incident
radiation off the surface, which considerably reduces plant
temperature (Gibson, 1983; Serra et al., 2010). The dust

from epicuticular wax in certain plants can reflect up to
80% of UV radiation and up to 60%–70% of light radiation
in the visible range. The dust also increases the efficiency
of carbon exchange and the transpiration ratio and
provides physical protection against pathogens (Riederer
and Müller, 2006; Serra et al., 2010).
We conclude that the dividing outer cells in P. praecox
correspond to a special epidermis because, although they
originate in the epidermis, periclinal and oblique divisions
do not occur within the protodermis. The development
we observed in P. praecox is similar to the development
described for other species of the genus; however, it was
interpreted as a multiple epidermis (Roth and Delgado,
1968a; Gibson, 1983). Several of the anatomical characters
described here are associated with adaptations of P. praecox
green-stems to a xeric environment. We suggest that the
distribution and abundance of prismatic crystals likely
confer structural resistance on the stem, and their position
above the chlorenchyma enables control over luminous
incidence. Abundant wax deposition on the green-stem
surface also helps to regulate incident radiation and
plays an important role in controlling transpiration and
improving the isolation of biotic factors.
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